For developing a quality chain management of horticultural products radish bulbs and pepino fruits were chosen as model products. In a first attempt the interaction of some of the most important preharvest influences, the climate effect and the ripening stage at harvest, and different postharvest effects, such as packaging, coatings, CA storage were investigated in respect to the product's precondition at harvest. The investigations of radish indicated that the preharvest dependency of quality determining compounds ranged from a slight climate influence, over a moderate climate effect up to a strongly distinctive climate influence and also effect postharvest behavior. Moreover, it is demonstrated that the quality preserving effect of packaging materials and coatings depends on the precondition of radishes being influenced by the seasonal preharvest conditions. Considering sensory and anticancerogenic aspects, OPP-Coex-film packaging might be recommended due to a beneficial effect on pectic substances and alkenyl glucosinolates in radish grown in summer and autumn. However, starch coated radishes showed highest contents of fructose and glucose. Depending on the ripening stage different postharvest treatments were beneficial in preserving pepino quality. In mature pepino fruits packaging and coating resulted in the maintenance of the sensory, antioxidative and anticancerogenic potentials, while ripe pepino fruits maintained their quality at 5 °C storage temperature. Enhanced CO 2 concentrations up to 20% led tendentiously to a reduction of bioactive pigments. Concluding from these investigations the development of a chain management implies the consideration of the product's precondition at harvest as a result of external and internal influences on the product metabolism for choosing suitable, quality maintaining postharvest treatments.
INTRODUCTION
The national and international market is characterized by a surplus production of fruit and vegetable products resulting in a strong competition. Therefore, only those products have sales potential which fulfill the consumers quality requirements regarding sensory, nutritional and health-promoting compounds. However, these compounds are highly susceptible to pre-and postharvest climate impacts, specifically in fresh highly perishable horticultural products. In the present study the effect of different preharvest conditions (PPFD and temperature impact), maturity stages and postharvest treatments (film wrapping, foodtainer, surface coating, CA storage) were evaluated in respect to their suitability to promote product quality in preharvest and to prevent quality loss of sensory, nutritional and bioactive compounds in postharvest and hence extend the marketability of the products. For developing a quality chain management of horticultural products, such as radish bulbs (Raphanus sativus L.) and pepino fruits (Solanum muricatum Ait.) greatly differing in their physiological responds, were chosen as model products.
The objective of these investigations was the development of recommendations for a coordinated pre-and postharvest chain management in horticulture by determining the product quality formation in preharvest at varying climate conditions and ripening stages as well as the product quality dynamics in postharvest as affected by product precondition and postharvest treatments.
MATERIALS AND METHODS
'Nevadar' radishes originated from 11 sets of growing (January -November) served as investigation material. Fertilisation, irrigation and plant protection corresponded to standard cultivation procedures for radishes. As climate parameters determining radish quality the mean temperature and the mean of photosynthetic photon flux density (PPFD) were determined twelve times per hour and summarised as mean over the production period. After harvest untopped radishes of different sets were i) sprayed with starch coating (1%) and ii) wrapped with OPP-Coex-film with antifog layer (thickness: 30 µm, microperforation 0.3 mm (15 x 15 mm)). Thereafter, radishes were held for up to 5 days at 5 °C being the optimum postharvest temperature for radish.
Pepino fruits cv. 'Golden Globe' originating from Columbia were harvested at three ripening stages premature, mature, and ripe based on the fruit characteristics as described by Huyskens-Keil et al. (2000a) and were stored at temperature of 5°C and 18°C with relative air humidity of 95% and 75%, respectively for up to 21 days. Depending on the postharvest quality dynamics at these storage temperatures of three ripening stages at harvest different postharvest treatments were chosen. Mature pepino fruits were i) sprayed with sucrose ester coating (Semperfresh 1%) and ii) packed in a 250 g-PE-foodtainer sealed with a polymeric film and stored for up to 21 days at 5 °C or 18°C simulating storage and marketing conditions. Ripe pepino fruits were stored under different temperature regimes (5°C, 18°C) for up to 21 days and under controlled atmosphere (CA) conditions (Table 1) .
At the time of harvest and during storage changes of alkenyl glucosinolates, pectic substances, chlorophylls and carotenoids were determined according to the methods described by Krumbein and Schonhof (2001), Huyskens (1991) and Goodwin (1976) , respectively. In each treatment non packed products served as control.
The results were analysed by analysis of variance with STATISTICA. Significant differences were determined by the Tukey Test. The mean variability was calculated by standard error. Means of pigments and alkenyl glucosinolates represent 6 measurements and means of pectic substances include 5 measurements, respectively.
RESULTS AND DISCUSSION Radish
Regarding the model product radish the results revealed that the formation of sensory, nutritional and health-promoting compounds strongly differed depending on the seasonal climate conditions. The seasonal dependency ranged from a slight climate influence (alkenyl glucosinolates r 2 = 0.23), over a moderate climate effect (indolyl glucosinolates r 2 = 0.40, glucose r 2 = 0.50) up to a strongly distinctive climate influence (fructose r 2 = 0.81, pectic substances r 2 = 0.99) resulting in a seasonal different compositions of the radish bulbs (Table 2) . Thus, according to a consumer oriented quality production of radish the temperature and PPFD influence should be taken into account in the production process and integrated in a corresponding chain management, which additionally has to consider product preconditions at harvest for an optimised quality assurance of radishes.
In both postharvest treatments the total content of pectic substances remained nearly unchanged during the 5 days of storage of radishes harvested in June and October (data not shown). However, starch coating and OPP-Coex-film packaging led to a higher content of soluble pectins in June and October grown radishes in comparison to the control after 5 days (Fig. 1) . This might be due to a protective effect of packaging and coating on degradation processes which is also reported for shrink-wrapped pomegranates (Nanda et al., 2001) . Unlike the soluble pectins starch coating led to the degradation of alkenyl glucosinolates of June grown radishes, while OPP-Coex-film packaging maintained or accumulated the glucosinolate content (Fig. 2) . Considering sensory, cholesterol reducing and anticancerogenic aspects, OPP-Coex-film packaging might be recommended due to a beneficial effect on pectic substances and alkenyl glucosinolates. In contrast, starch coated radishes showed higher contents in fructose and glucose (only in June grown radishes) than radishes wrapped in OPP-Coex-film (data not shown).
Pepino
Pepino fruits of three ripening stages demonstrated that pigments and carbohydrates were those compounds which vary depending on the ripening process and to some extend on the storage temperature. For example, as the ripening progressed from the premature to the mature stage, the contents of ß-carotene increased significantly and remained constant as the fruits reached the ripe stage. This effect was more pronounced at 18°C than at 5°C (data not shown). Regarding these ripening and temperature effects different postharvest treatments will be necessary in a coordinated pre-and postharvest chain management for maintaining quality of pepino fruits at different ripening stages. With progressed fruit ripening, treatments like CA storage have to be chosen resulting in a more delayed fruit ripening, while less developed, mature pepino fruits could be used for packaging or coating with a less inhibiting effect on fruit ripening.
Mature pepino fruits stored at 18°C and treated with Semperfresh showed a decrease in pigments within 10 days of storage, and hence a lower content of chlorophyll a and b and ß-carotene in comparison to the foodtainer packaging and the control (Fig. 3) . However, at a low temperature of 5°C chlorophyll a and b were not effected by both treatments after 21 days, whereas ß-carotene decreased in coated pepino fruits (data not shown). A modification of the internal atmosphere in Semperfresh treated pepino fruits fruits -caused by an additional physical barrier (Baldwin et al., 1999) -might have led presumably to an acceleration of enzyme activities in chlorophyll and ß-carotene degradation. In respect to sensory, anticancerogenic and antioxidative effects the bioactive pigments could be maintained by choosing a foodtainer packaging. This indicates a preserving effect of foodtainer packaging on bioactive pigments (HuyskensKeil et al., 2000b) , probably due to the enhanced CO 2 and reduced O 2 concentration which was caused on one hand by a rising respiration rate and on the other hand by the diffusion barrier of the foodtainer. In contrast to the pigments and in respect to textural, cholesterol reducing and anticancerogenic effects Semperfresh coating at 5°C and 18°C storage temperature maintained the soluble and total pectin content in comparison to the control during 21 days and during 10 days of shelf life, respectively (Fig. 4) . Retention of firmness being caused by unchanged cell wall carbohydrates was also reported for coated pepinos (Huyskens-Keil et al., 2000a) and coated pears (Amarante et al., 2001 ). The foodtainer had no beneficial effect on the content of soluble and total pectin at 18°C. Storing mature pepino fruits at 5°C both postharvest treatments maintained the soluble and total pectin content indicating the primary temperature effect on preserving pectins. This is in accordance with studies on pectolytic enzyme activities in tomatoes (Tijskens and van Dijk, 2000) .
CA conditions with enhanced CO 2 concentrations up to 20% at 5°C led tendentiously to a degradation of chlorophylls and ß-carotene in ripe pepino fruits assumingly as a result of exceeding the CO 2 threshold for pepino (Fig. 5) . Similar results were found for other crops (Salveit, 1997; Kader, 2002) . In contrast, soluble pectins were maintained by CA storage (data not shown).
CONCLUSIONS
Based on the selected pre-and postharvest influences it could be demonstrated exemplarily that quality determining effects have to be coordinated. The present results showed that chain management implies the consideration of the product's precondition at harvest leading to a different product metabolism in order to choose suitable, quality maintaining postharvest treatments. It was demonstrated that the quality maintaining effect of packaging materials and coatings depends on the precondition of radishes being influenced by the seasonal preharvest conditions. Considering sensory and anticancerogenic aspects, OPP-Coex-film packaging might be recommended due to a beneficial effect on pectic substances and alkenyl glucosinolates in radish grown in summer and autumn. In contrast, starch coating caused the best maintaining effect for monosaccarides in radish. Depending on the ripening stage of pepino fruits different postharvest treatments were beneficial in preserving pepino quality. In mature pepino fruits packaging and coating resulted in the maintenance of the sensory, antioxidative and anticancerogenic potentials, while ripe pepino fruits maintained their quality at 5°C storage temperature.
The results of the investigated model products demonstrated that film packaging, coating and short-term storage at 5 °C could maintain sensory, nutritional and healthpromoting quality compounds in comparison to the untreated products. However, the quantitative and qualitative extend of these effects varied depending on the precondition of the product as well as on the impact of the different treatments on the product physiology resulting in a changing intensity of metabolic processes. Hence, for developing a successful chain management the interaction between preharvest effects, being manifested in the precondition of the harvested product, and postharvest treatments, being manifested in the postharvest behavior have to be taken into consideration. In order to develop a comprehensive chain management further pre-and postharvest influences have to be studied and integrate chain harvest measures.
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